Osteoarthritis is the most common form of arthritis and is a major cause of pain and disability in the elderly. To search for sequence variants that confer risk of osteoarthritis of the hand, we carried out a genome-wide association study (GWAS) in subjects with severe hand osteoarthritis, using variants identified through the whole-genome sequencing of 2,230 Icelanders. We found two significantly associated loci in the Icelandic discovery set: at 15q22 (frequency of 50.7%, odds ratio (OR) = 1.51, P = 3.99 × 10 −10 ) in the ALDH1A2 gene and at 1p31 (frequency of 0.02%, OR = 50.6, P = 9.8 × 10 −10 ). Among the carriers of the variant at 1p31 is a family with several members in whom the risk allele segregates with osteoarthritis. The variants within the ALDH1A2 gene were confirmed in replication sets from The Netherlands and the UK, yielding an overall association of OR = 1.46 and P = 1.1 × 10 −11 (rs3204689).
Osteoarthritis is the most common form of arthritis and is a major cause of pain and disability in the elderly. To search for sequence variants that confer risk of osteoarthritis of the hand, we carried out a genome-wide association study (GWAS) in subjects with severe hand osteoarthritis, using variants identified through the whole-genome sequencing of 2,230 Icelanders. We found two significantly associated loci in the Icelandic discovery set: at 15q22 (frequency of 50.7%, odds ratio (OR) = 1.51, P = 3.99 × 10 −10 ) in the ALDH1A2 gene and at 1p31 (frequency of 0.02%, OR = 50.6, P = 9.8 × 10 −10 ). Among the carriers of the variant at 1p31 is a family with several members in whom the risk allele segregates with osteoarthritis. The variants within the ALDH1A2 gene were confirmed in replication sets from The Netherlands and the UK, yielding an overall association of OR = 1.46 and P = 1.1 × 10 −11 (rs3204689).
Osteoarthritis has a great impact on quality of life owing to pain and the loss of joint function. Osteoarthritis is characterized by a dynamic process involving the destruction and repair of joint tissues. It is a disease of the entire joint, affecting cartilage, synovium, subchondral bone, ligaments and the joint capsule 1 . The clinical presentation of osteoarthritis is heterogeneous. Heritability estimates of osteoarthritis are in the range of 40-65%, depending on the joint affected [2] [3] [4] . There is clear predilection for certain joints; the most common joints to be affected involve the knee, hip, hand, spine, neck and big toe. However, individuals with osteoarthritis may have one, a few or most of these sites affected. A recent report found the prevalence of symptomatic hand osteoarthritis in the general population to be 15.9% in women and 8.2% in men 5 .
GWAS and meta-analysis efforts have yielded several significantly associated loci for osteoarthritis of the hip and osteoarthritis of the knee [6] [7] [8] [9] [10] [11] [12] [13] . Thus far, no report has described genome-wide significant association with hand osteoarthritis, although the locus associated with knee osteoarthritis at 7q22 also confers risk of osteoarthritis of the hand 6 .
With the aim of discovering sequence variants that confer risk of osteoarthritis of the hand, we carried out a GWAS in subjects with severe hand osteoarthritis. We included 623 Icelanders with severe osteoarthritis of the hand (severe osteoarthritis at the thumb base and severe finger osteoarthritis in the same person) as cases and 69,153 individuals as population controls (see the Online Methods and Supplementary Note for a detailed description of phenotype and the sample set). We then tested for association between 34.2 million sequence variants, which were identified through whole-genome sequencing of 2,230 Icelanders and subsequently imputed into the cases and controls (Online Methods), and severe osteoarthritis of the hand. The most significant associations were with several common variants at 15q22 (Supplementary Fig. 1 ), represented by rs12907038 [G] (frequency of 50.7%, OR = 1.51, P = 3.99 × 10 −10 ) and with very rare variants at 1p31 (NCBI Build36/ hg18 chromosome 1, g.63807756[A], frequency of 0.022%, OR = 47.7, P = 1.53 × 10 −9 ).
The group of variants at 15q22 included 55 variants with association P < 5 × 10 −8 , with the frequency of the risk alleles ranging between 41 and 54% (Supplementary Table 1) . These variants are all located within a single linkage disequilibrium (LD) block that contains one gene, ALDH1A2 (encoding aldehyde dehydrogenase 1 family, member A2) (Fig. 1) . We note that the top SNPs fell mainly within two frequency groups, around 41% and 52% for the risk allele, and were therefore not fully correlated with one another (for example, r 2 = 0.62 between rs4238326 (41%) and rs3204689 (52%)). Furthermore, the most strongly associated SNP, rs12907038, was triallelic and was likewise not fully correlated with the other two markers. Conditional analysis showed that markers in either frequency group alone could not account for the association signal; however, the triallelic rs12907038 SNP could fully account for the signal (Online Methods and Supplementary Table 1) .
We tested SNPs from the two frequency groups, rs4238326 (41%) and rs3204689 (52%), in five additional European sample setsthe Genetics Osteoarthritis and Progression (GARP) study 14 , the Leiden Longevity Study (LLS) 15 and Rotterdam I and II (ref. 16 ) cohorts from The Netherlands and the TwinsUK 17 and Chingford 18 cohorts from the UK-as the triallelic marker rs12907038 was not present in these in silico replication data sets. Both markers were associated with severe hand osteoarthritis in the replication samples with P = 0.0075 for rs4238326 and P = 0.0011 for rs3204689 ( Table 1 and Supplementary  Table 2 ), yielding overall associations of OR = 1.44 and P = 8.6 × 10 −11 for rs4238326 and OR = 1.46 and P = 1.1 × 10 −11 for rs3204689 in the combined analysis of all samples ( Table 1) . In conditional analysis in the replication samples, rs3204689 was nominally significant after accounting for association at rs4238326 (Supplementary Table 3 ). We next examined association separately for severe finger osteoarthritis and for severe thumb osteoarthritis in all sample sets. The effects of the variants on severe finger osteoarthritis were comparable to those on severe thumb osteoarthritis (OR = 1.26-1.14), although, overall, the associations were somewhat more significant for the severe finger phenotype, with P = 2.0 × 10 −11 and 5.6 × 10 −12 compared to P = 1.5 × 10 −8 and 5.1 × 10 −7 for rs4238326 and rs3204689, respectively, for association with severe thumb osteoarthritis ( Table 1) . To determine whether this locus also associates with osteoarthritis of the larger joints (the hip and knee), we examined the results for these markers in large meta-analyses of hip osteoarthritis (4,349 cases and 46,903 controls) and knee osteoarthritis (5,224 cases and 48,571 controls) conducted by the TreatOA (Translational Research in Europe Applied Technologies for Osteoarthritis) consortium 13 (Online Methods and Supplementary Table 4). No association was observed with hip osteoarthritis (OR = 1.04, P = 0.1 for both markers). rs3204689 was nominally protective in the knee osteoarthritis data set (OR = 0.95, P = 0.044) (Supplementary Table 5 ). The lack of association with knee osteoarthritis is surprising in light of previous findings of correlations between hand osteoarthritis and knee osteoarthritis 19 . P values are corrected for genomic control. Results are shown for the Icelandic discovery set, the combined replication sets (Rotterdam I and II, GARP, TwinsUK and Chingford) and the overall results for the discovery and replication samples combined. Results from multiple case-control groups were combined using a Mantel-Haenszel model 37 .
l e t t e r S npg l e t t e r S
We explored the mRNA expression profile of the ALDH1A2 gene in white blood cells, adipose tissue and articular cartilage collected during hip or knee joint replacement (Online Methods and Supplementary Note). The gene was not expressed in white blood cells and was expressed at low levels in adipose tissue, whereas it was highly expressed in cartilage samples. There was a correlation between the risk variant rs12907038 [G] and decreased levels of the ALDH1A2 transcript in adipose tissue (P = 0.0017, 4.1% decrease in expression) (Fig. 2a) . For rs4238326 [C] and rs3204689[C], the reduction in expression of ALDH1A2 in adipose tissue was similar at 3.7% per allele carried (P = 0.0044 and 0.0095, respectively). Furthermore, we also tested whether there was an allelic imbalance in the expression of the gene in articular cartilage dependent on the presence of the risk allele. We used rs3204689 for this analysis, as it is located within the transcript (in the 3′ UTR of the ALDH1A2 transcript), and found that the transcript with the risk-conferring C allele was expressed at a lower level than the corresponding normal transcript. There was a 17.4% (P = 0.00032) and 11.6% (P = 0.0016) excess of transcript with the G allele compared to transcript with the risk-associated C allele in preserved (macroscopically normal) and osteoarthritic affected cartilage, respectively ( Fig. 2b and Supplementary Fig. 2 ). These expression data support a role for ALDH1A2 in mediating the effect of the osteoarthritis risk variants in the associated locus.
The ALDH1A2 gene encodes retinaldehyde dehydrogenase 2 (RALDH2), an enzyme that catalyzes the synthesis of retinoic acid from retinaldehyde (retinal). Retinoic acid, an active derivative of vitamin A (retinol), is a hormonal signaling molecule that has an essential role in embryonic development 22 and in the maintenance of adult tissues 23 , including cartilage and bone [24] [25] [26] . The spectrum of activities for retinoic acid is broad and complex, controlling the expression of an array of target genes through binding of nuclear receptors (retinoic acid receptor (RAR) and retinoid X receptor (RXR)) or PPAR (peroxisome proliferator-activated receptor) β or δ, or through direct activation of kinase cascades 27, 28 . Tight control of both spatial and temporal expression of all players in the retinoid metabolism pathway-and retinoic acid concentration in particular-is observed during development 22, 29 , indicating a role for retinoic acid as a morphogen, which is supported by the observations that both excess and deficiency of retinoic acid at different time points can cause developmental anomalies 22, 30 . Mice null for Aldh1a2 (also known as Raldh2) display numerous abnormalities and die before midgestation. Limb bud patterning is one of the many abnormalities in these mice, presenting as hypoplastic or absent forelimb buds 31 . However, retinoic acid does not seem to be necessary for hindlimb development 32 . How retinoic acid could contribute to the osteoarthritic phenotype is poorly understood (Supplementary Note).
We improved imputation of the rare variants (0.02%) at the 1p31 locus that were associated with osteoarthritis by direct genotyping (Online Methods); this resulted in slightly stronger association with severe hand osteoarthritis (OR = 50.6 and P = 9.8 × 10 −10 for chr. 1: 63,807,756) ( Table 2 ) and with polyarthritis (OR = 33.0 and P = 8.2 × 10 −8 ). Among the 53 carriers found in the Icelandic data set was a family with several members in whom extremely severe hand osteoarthritis segregated with the risk allele. These individuals also displayed osteoarthritis at several joints (Fig. 3) . All the affected carriers in the data set shared ancestors-a couple born in 1550-and all shared a 912-kb region at 1p31 that encompassed the three associated variants, seven genes and one pseudogene ( Supplementary  Fig. 3 ). We could not find any exonic variant within these genes that the 3 associated intergenic variants tagged, even by carefully examining the whole-genome sequencing BAM files or resequencing the 13 exons that were not fully covered in the 2 carriers that underwent whole-genome sequencing. Neither did exome sequencing of nine carriers and nine non-carriers of chr. 1: 63,807,756 identify any tagging variant within this shared region. Of the three associated variants, chr. 1: 63,807,756 was predicted by ESPERR 33 to be within a functional element or an unknown exon. The SNP is within intron 12 of EFCAB7 and is 46 and 53.7 kb upstream of ITGB3BP and PGM1, respectively (Supplementary Fig. 3) . Furthermore, intron 12 of EFCAB7 is not spliced out in one transcript (ENST00000461039, a 1.10 P = 0.0017
Preserved (14) Affected (17 We report here the results from our GWAS on severe hand osteoarthritis, using both common and rare sequence variants in the genome. Variants within the ALDH1A2 gene associate significantly with severe osteoarthritis of the hand and yield the first genome-wide significant locus for hand osteoarthritis that replicates consistently, in five European sample sets. These variants confer relatively high ORs for common variants: 1.43-1.46. The transcript with the risk-conferring allelic variant of the gene is expressed at a lower level in cartilage and adipose tissue than its non-risk counterpart. We also describe a rare variant at 1p31 (0.02%, OR = 50) that segregates with severe hand osteoarthritis and generalized osteoarthritis in one Icelandic family with a large number of cases. The variant was also found in other populations where 6 of 15 carriers are known to have osteoarthritis of the hand or knee.
URLs. LocusZoom, http://csg.sph.umich.edu/locuszoom/; R software, http://www.r-project.org/.
MeThOdS
Methods and any associated references are available in the online version of the paper.
Accession codes. Expression data used in this study have been deposited in the Gene Expression Omnibus (GEO) database under accessions GSE7965 and GPL3991.
Note: Any Supplementary Information and Source Data files are available in the online version of the paper.
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The study was designed and results were interpreted by U.S., G.T., I.M., U.T., I.J., H.J. Figure 3 Pedigree of a family segregating the rare variants at 1p31. AG and GG refer to the genotypes at chr. 16 of 1,184 persons). For the 1p31 locus, we used 9 study populations-the same discovery set of 69,786 Icelanders and 8 additional samples-to investigate whether the marker existed in other populations, some with limited information on severe hand osteoarthritis: the TwinsUK cohort (n = 526), the Dutch Rotterdam III cohort (n = 3,068), the GARP 14 (n = 490), LLS 15 (n = 2,456), Research Arthritis and Articular Cartilage (RAAK) study (n = 150) and PAPRIKA (n = 971) studies, and Swedish samples from 1,787 individuals (Malmo Diet and Cancer (MDC) study).
Hand osteoarthritis phenotype. The hand osteoarthritis cases included in the study were confined to individuals considered to have severe hand osteoarthritis. In the scoring of the fingers in the Icelandic discovery set, the main emphasis was placed on affected distal interphalangeal joints (DIP) 2 and 3 bilaterally, with proximal interphalangeal joints (PIP) 2 and 3 contributing to the assessment, and less emphasis was placed on other joints. Joint count, severity and bilaterality contribute to severity. In the scoring of the thumb base, similar principles apply, but bilaterality was not a requisite for diagnosis. Previous surgery of the thumb base was automatically registered as severe hand osteoarthritis of the thumb base. Clinical severity scoring was adjusted for age, and slightly different comparison criteria thus had to be used according to the age at examination (Supplementary Note). The severe hand osteoarthritis cases in the replication sets had Kellgren Lawrence score ≥3 in at least one DIP bilateral and Kellgren Lawrence score ≥3 in at least one carpometacarpal joint of the thumb. Further description of the characteristics of the study populations is provided in the Supplementary Note. All participants provided written informed consent, and we obtained approval from all institutional review boards to carry out the study.
Genotyping and association analysis of Icelandic samples. Genotyping and imputation methods and the association analysis method in the Icelandic samples were as described previously 38 . In short, about 34.2 million sequence variants (30.6 million SNPs and 3.6 million indels) were identified through whole-genome sequencing of 2,230 Icelanders (to an average sequencing depth of >10×) using the Illumina Genome Analyzer IIx and HiSeq 2000 instruments. These variants were then imputed into 95,085 Icelanders who had been genotyped with various Illumina SNP chips and phased using long-range phasing 39, 40 . With the use of Icelandic genealogy, probabilities of genotypes were furthermore predicted for 296,526 close relatives of the 95,085 chiptyped individuals using the nationwide Icelandic genealogy database. Cases and controls were derived from the chip-typed individuals and the probable genotypes of their relatives, matching controls to cases on the basis of how informative the imputed genotypes were. Association testing for casecontrol analysis was performed using logistic regression. To account for relatedness and stratification within the case and control sample sets, we applied the method of genomic control 41 . The inflation λ g in the χ 2 statistic in each genome-wide analysis was estimated on the basis of a subset of about 300,000 common variants, and P values were adjusted by dividing the corresponding χ 2 values by this factor. For the traits reported here, the estimated inflation factors were 1.17 for severe fingers and severe thumbs, 1.36 for severe fingers and 1.23 for severe thumbs. The threshold for genome-wide significance was set at a P value less than 1.5 × 10 −9 (= 0.05/34.2 million variants), a conservative estimate as many of the variants tested were highly correlated.
Single-SNP genotyping of markers at 1p31 was carried out on the Centaurus (Nanogen) platform and by Sanger sequencing.
Genotyping and association analysis of replication samples. The replication sets were genotyped with the Illumina HumanHap300, HumanHap550 or HumanHap610 SNP chip, and the two replication SNPs at 15q22 were looked up in these data (Supplementary Note). Association testing for case-control analysis was performed using logistic regression. The marker chr. 1: 63,807,756 was genotyped by Centaurus assay in the MDC study and by TaqMan assay (Applied Biosystems) in the GARP, PAPRIKA, LLS, RAAK and Rotterdam studies. Lookup was performed in 526 subjects in the TwinsUK cohort who had undergone whole-genome sequencing.
Meta-analysis.
Results from multiple case-control groups were combined using a Mantel-Haenszel model 37 in which groups were allowed to have different population frequencies for alleles and genotypes but were assumed to have common relative risks (a fixed-effect model). Heterogeneity in the effect estimate was tested assuming that the estimated ORs for different groups followed a log-normal distribution and using a likelihood ratio χ 2 test with degrees of freedom equal to the number of groups compared minus one.
Conditional analysis at 15q22. When performing conditional analysis, testing a variant conditional on the expected genotypes of another variant, for the Icelandic data set, this analysis was carried out using the same software that was used in the GWAS analysis 38 , including both the chip-typed individuals and those with genotype probabilities predicted on the basis of data from genotyped relatives. For the replication sample sets-Rotterdam I and II, the GARP study, and the TwinsUK and Chingford studies-the conditional analysis was performed using R software.
TreatOA meta-analysis. The hip osteoarthritis meta-analysis was as described in Evangelou et al. 13 , and the knee osteoarthritis meta-analysis was an extension to a previously published meta-analysis by the TreatOA consortium 7 . Definition of the hip osteoarthritis and knee osteoarthritis phenotypes 42 , the study samples and whole-genome genotyping platforms, quality control measures and imputation methods have been described previously 6, 7, 10, 13, 43 . The studies included and their sample sizes are shown in Supplementary  Table 4 . The hip osteoarthritis meta-analysis included 4,349 cases and 46,903 controls from 8 sample sets from 4 populations, and the knee osteoarthritis meta-analysis included 5,224 cases and 48,571 controls from 9 sample sets from 5 populations. All samples are of northern European descent. Genomic control was applied to each study before meta-analysis. Effect estimates for each study were synthesized using an additive model, and meta-analysis was performed using inverse variance fixed-effect models. P values reported for the hand osteoarthritis-associated SNPs at 15q22 have been corrected for the overall genomic controls for the meta-analyses: λ = 1.028 for hip osteoarthritis and λ = 1.036 for knee osteoarthritis. No between-study heterogeneity was observed for either SNP (I 2 = 0).
Expression analysis of the ALDH1A2 gene in cartilage. Cartilage samples were derived from the ongoing RAAK study (Supplementary Note).
In the current study, we used paired preserved and osteoarthritis-affected cartilage samples from donors undergoing joint replacement surgery for primary osteoarthritis in either knee or hip (Supplementary Table 6 and Supplementary Note). DNA was isolated using the Promega Wizard Genomic DNA Purification kit according to the manufacturer's protocol. RNA was collected using Qiagen mini columns according to the manufacturer's protocol. RNA was processed with the First-Strand cDNA Synthesis kit according to the manufacturer's protocol (Roche Applied Science). Quantitative RT-PCR (RT-qPCR) measurements were performed on the Roche LightCycler 480 II, using Fast-Start SYBR Green Master reaction mix according to the manufacturer's protocol (Roche Applied Science). An allele-specific realtime TaqMan assay (C___3232487_10, Life Technologies) was used to quantify the allelic ratio of ALDH1A2 (rs3204689) in heterozygous samples. Allelic ratios were calculated using the formula ( / ) 2 2 44, 45 .
Ratios between the amounts of each allele in every sample were calculated for genomic DNA and cDNA. For each sample, the average allelic ratio for genomic DNA-which represents the 1:1 ratio-was used to normalize the cDNA ratio to generate a corrected allelic ratio, and the average over-repeated (up to seven) measurements for the same samples was used. To test whether there was a significant difference in the expression between alleles for a particular tissue, a one-sample t test was used to determine whether the allelic ratios, averaged over the cases, were different from the expectation of equal expression, i.e., log 2 (allelic ratio) = 0. Overall expression of ALDH1A2 was determined by Illumina HT-12 V3 microarrays using standard methods. There npg were two probes, approximately 499 bp apart, on the array used for ALDH1A2. Levels of expression, as determined by mean normalized probe level values, for ALDH1A2 probe 1 (mean level = 10.44, chromosome 9, position 58,245,807-58,245,857; hg19) and probe 2 (mean level = 8.51, chromosome 9, position 58,246,307-58,246,356; hg19), which were above the observed average expression levels of genes in the articular cartilage (the mean normalized probe level value of measured genes in cartilage was 7.4 with a range of 6.6-14.9) (Supplementary Note).
Expression analysis of the ALDH1A2 gene in white blood cells and in adipose tissue. We investigated the expression of ALDH1A2 in a data set that included RNA samples from the white blood cells of 1,002 Icelandic individuals and from adipose tissue of 673 individuals 46 . Most of these individuals-973 with white blood cell samples and 646 with adipose tissue samples-had imputed genotypes for the 34.2 million variants identified in whole-genome sequencing. Correlation between expression and the genotypes of the variants was tested by regressing measured MLR (mean log expression ratio) values on the number of copies of the risk-associated allele an individual carried. Effects from age and sex were taken into account by including these variables as explanatory variables. For white blood cells, we also adjusted for differential blood cell count, as these variables correlated strongly with the expression of a large fraction of the genes measured 46 . All P values were adjusted for the relatedness of the individuals by simulating genotypes through Icelandic genealogy as previously described 47 . Resulting adjustment factors for the χ 2 statistic were 1.08 and 1.06 for adipose and whole blood, respectively. The gene was expressed below reliable detection limits in white blood cells. In adipose tissue, the gene was expressed at moderate levels, and rs12907038[G] was correlated with expression levels, with each risk allele decreasing expression by about 4% (P = 0.0017). Although this correlation was not very strong, no other common variant located in or within 100 kb of ALDH1A2 and not highly correlated with rs12907038[G] was more strongly correlated with its expression.
Reimputation of variants at the 1p31 locus. We validated imputation of the rare variants at the 1p31 locus that associated with severe hand osteoarthritis with P < 1 × 10 −7 in the initial GWAS by directly genotyping likely and possible carriers and predicted non-carriers by Sanger sequencing or by Centaurus assays. Directly assessed genotypes were added to the genotypes for the 2,230 sequenced individuals, and the combined set was used as a training set for reimputation of the variants. This improved the imputation information scores for all four markers, and the association based on reimputed genotypes with severe hand osteoarthritis was slightly stronger for three of these variants, whereas one was no longer associated ( Table 2) .
Sanger sequencing of exons in the 1p31 shared region. Dye-terminator Sanger sequencing was performed with the Applied Biosystems BigDye Terminator v3.1 Cycle Sequencing kit with Agencourt AMPure XP and Agencourt CleanSeq for cleanup of the PCR and cycle sequencing products, respectively. AMPure XP and CleanSeq bead cleaning was performed on a Zymark Sciclone ALH-500 liquid-handling robot system. Tray dilutions for PCR setup and cycle sequencing setup were prepared on a Packard MultiprobeII HTEX liquid-handling robot system, and genomic DNA and PCR products were transferred into the respective trays using the Zymark Sciclone ALH-500. PCR and cycle sequencing reactions were performed on MJ Research PTC-225 thermal cyclers. For signal detection, Applied Biosystems 3730xl DNA Analyzers were used.
Exome sequencing of chr. 1: 63,807,756 carriers. DNA samples isolated from blood were prepared for exome sequencing using the Nextera Exome Enrichment method from Illumina. In short, 50 ng of genomic DNA was 'tagmented' using the Nextera transposome complex, generating adaptorligated DNA fragments ready for enrichment. All samples were labeled by barcode or index sequence as a part of the tagmentation process. Samples were quantified using PicoGreen measurements, and the quality of each sample was assessed using the Agilent Bioanalyzer. Up to 12 samples were pooled together in equal quantities before capture. A bait library of >340,000 95-mer probes was used to enrich a 62-Mb region of the genome containing the coding exons (>200,000 exons) of 20,794 genes, UTRs and some noncoding RNAs. Biotinylated probes were used for hybridization to the target sequences after capture using streptavidin beads. Captured DNA was further amplified using PCR, and the quality of the pooled, enriched sequencing libraries was measured by Bioanalyzer. Further quality assessment was performed by sequencing each 12-sample pool on an Illumina MiSeq instrument. This was carried out to optimize cluster densities for further sequencing and to assess the proportion of reads from each sample within the pool. Sequencing of pooled Nextera libraries was performed on an Illumina HiSeq 2000 instrument. In general, each pool (12 samples) was sequenced on 4 lanes of the HiSeq instrument, generating approximately 150 Gb (10-15 Gb per sample) of raw data.
Bioinformatics analysis of 1p31. We carried out a search for overlaps between variant locations and known bioinformatics features. We retrieved data from the UCSC test browser (hg19, Build 37) 48 and the main UCSC browser (hg18, Build 36). We accessed feature tracks from tissues that might be relevant to hand osteoarthritis and from other tissues containing genome positional information and identified those features that overlapped with the SNP 33, 49 .
